M easur ement of Mixed Micelle Size by Dynamic Light Scattering

Many applications of surfactantsinvolve mixtures. In-
deed, surfactantsaretypically impure so that even single
materials may be considered mixtures. One particu-
larly typical combination isthat of ionic and nonionic
surfactants. While the former are highly detergent, the
latter exhibit |essfoaming, more resistanceto precipita-
tion on cooling or on addition of divalent cations, and
less skin irritation.

Mixed surfactants generally form mixed micelles. The
size or aggregation number (N) of these micellesisan
indication of their efficiency for solubilization and also
correlates with the viscosities of their solutions. How-
ever, the size of themixed micelleisnot smply an aver-
age of the sizes of the two ‘pure’ micelles.

The dimensions of mixed micelles of anonionic surfac-
tant, Triton X-100 (TX100) and sodium dodecy! sulfate
(SDS) were determined with the DynaPro-801 using
the method of Cumulants. The total surfactant conce-
ntration was maintained at 20 mM, whichis100times
larger than the critical micelle concentration, and the
ratio of anionic to nonionic wasvaried. Theratioisre-
ported asthe mole fraction of SDS (Y). Measure-
ments were performed at moderate, intermediate,
and high ionic strengths (100, 400, and 600 mM, resp-
ectively) adjusted withNaCl.

Figure 102-1 shows the apparent radius as a function
of composition for three ionic strengths.

Asevidentinthefigure, theionic strength hasvery little
effect on RH, for TX100, while the salt effect is dra-
matic for both the mixed micelles and SDS a@one. In
particular, micelle size diminishes monotonically with
anionic content at low salt, but passes through a maxi-
mum at high salt. Mixed micelle size decreases with
increasein’Y in 100 mM NaCl, increases strongly with
Y in600 mM NaCl, andisvirtually independent of Y for
0.3<Y <0.8in400 mM NaCl.
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Figure 102-1: Hydrodynamic radius of mived micelles as a
Jfumction af mole fraction SDS ¢T) in 100 (B), 400 (J), and
600 (H} mM NaCl

The above results can be understood in terms of effec-
tive surfactant head group area. For geometric rea-
sons, larger surfactant head groups correspond to
smaller N, in that fewer surfactant molecules are re-
quired to produce amicelle of the same size. For ionic
surfactants, the effective head group size includes a
contribution arising from el ectrostatic repulsion. For this
reason, micelle size increases with added salt for pure
SDS (Y =1). When repulsive forces dominate, i.e. at
low ionic strength, the effective head group sizeof SDS
islarger than that of TX100. Thisiswhy N increases
upon TX100 addition in 200 mM NaCl until Y dimin-
ishesto < 0.15 (right to left in Figure 3). For Y < 0.15,
the SDS groups are too far apart to repel each other.

At high salt, the range of electrostatic effects dimin-
ishes, and the effective head group size of SDSissmall
compared to that of TX100. Consequently, micellesgrow
upon addition of SDSuptoY =0.9. Under these condi-
tionshowever, repul sive effects begin to contribute, and
a subsequent drop in N is observed upon further in-
creasein .
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